Converting inner retinal neurons to photosensitive cells by expressing channelrhodopsin-2 (ChR2) offers a novel approach for treating blindness caused by retinal degenerative diseases. In the present study, the recombinant adeno-associated virus serotype 2 (rAAV2)-mediated expression and function of a fusion construct of channelopsin-2 (Chop2) and green fluorescent protein (GFP) (Chop2-GFP) were evaluated in the inner retinal neurons in the common marmoset Callithrix jacchus. METHODS. rAAV2 vectors carrying ubiquitous promoters were injected into the vitreous chamber. Expression of Chop2-GFP and functional properties of ChR2 were examined by immunocytochemical and electrophysiological methods 3 months after injection. RESULTS. The percentage of Chop2-GFP-expressing cells in the ganglion cell layer was found to be retinal region-and animal age-dependent. The highest percentage was observed in the far-peripheral region. Chop2-GFP expression was also found in the foveal and parafoveal region. In the peripheral retina in young animals with high viral concentrations, the expression of Chop2-GFP was observed in all major classes of retinal neurons, including all major types of ganglion cells. The morphologic properties of Chop2-GFP-positive cells were normal for at least 3 months, and ChR2-mediated light responses were demonstrated by electrophysiological recordings. CONCLUSIONS. The rAAV2-mediated expression of ChR2 was observed in the inner retinal neurons in the marmoset retina through intravitreal delivery. The marmoset could be a valuable nonhuman primate model for developing ChR2-based gene therapy for treating blinding retinal degenerative diseases. (Invest Ophthalmol Vis Sci.
T he severe loss of photoreceptors in retinal degenerative diseases such as retinitis pigmentosa could result in partial or complete blindness. 1, 2 As a new strategy for treating blindness caused by retinal degeneration, we have reported the feasibility of restoring light sensitivity to photoreceptor-deficient retinas in rodents by expressing channelopsin-2 (Chop2) in inner retinal neurons. 3 Chop2 is a microbial opsin that, upon binding with retinal chromophore, forms a directly light-gated cation channel termed ChR2 (Chop2 retinalidene). 4 Recent studies have demonstrated the long-term stability of the expression of ChR2 in inner retinal neurons 5 and the restoration of certain vision-driven behavior in rodents. 6, 7 Thus, converting inner retinal neurons into photosensitive cells is a promising approach to restoring vision after the death of photoreceptors.
Recombinant adeno-associated virus (rAAV) vectors have become the most promising gene delivery system for gene therapy in many inherited and acquired retinal diseases. 8 rAAVmediated gene delivery through subretinal injection has been successfully used to target transgenes to photoreceptor and retinal pigment epithelial cells both in nonhuman primates (macaque) 9 -14 and humans. [15] [16] [17] For restoring retinal light sensitivity after photoreceptor degeneration, it is necessary to target ChR2 to surviving inner retinal neurons. Studies in rodents have shown that the intravitreal injection of rAAV driven by ubiquitous promoters can mediate the robust expression of ChR2 in the inner retinal neurons. 3, 18, 19 There are also clinical benefits of targeting photoreceptors through intravitreal administration. 20, 21 However, there have been no detailed studies of rAAV-mediated transgene expression in inner retinal neurons in nonhuman primates through intravitreal injection. 22 The evaluation of the rAAV-mediated transduction efficiency of Chop2 in the retina of nonhuman primates through intravitreal administration would be an important step in developing ChR2-based gene therapy in humans.
The marmoset is a diurnal New World primate that has been used as a preclinical model for the evaluation of gene transfer methods. 23 It has also been used extensively as a nonhuman primate model of the eye and visual system. It possesses diffraction-limited eyes with paraxial optical characteristics similar to those found in human eyes. 24 The eyes have foveas, 24 and the structure, and developmental sequence of the retina are similar to those of humans. 25, 26 The anatomy and physiology of the marmoset retina [27] [28] [29] [30] [31] [32] and central visual system [33] [34] [35] [36] [37] [38] [39] have also been extensively investigated.
In this study, we examined the efficacy and function of the rAAV-mediated expression of a fusion construct of channelopsin-2 (Chop2) and green fluorescent protein (GFP), Chop2-GFP, with ubiquitous promoters in the retina of the common marmoset, Callithrix jacchus, through intravitreal administration.
MATERIALS AND METHODS

AAV Vector Injection
The animal protocol and procedures for the use of marmosets were approved by the Institutional Animal Care and Use Committee (IACUC) at the New England College of Optometry, the SUNY College of Optometry, and Wayne State University. The study was performed in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. The construction of recombinant adenoassociated virus, serotype 2 (rAAV2), carrying a fusion construct of channelopsin-2 and green fluorescent protein (Chop2-GFP), is described elsewhere. 3 Two types of ubiquitous promoters, CAG (a hybrid CMV early enhancer/chicken B-actin promoter) and CMV (human cytomegalovirus immediate-early gene promoter), were tested in Callithrix jacchus marmosets that were 7 (group A) and 25 (group B) months old (Table 1 ). Viral vectors were packaged and affinity purified by the Gene Therapy Program of the University of Pennsylvania. The animals were anesthetized by intramuscular injection of alfaxalone (2 mg/100 g body weight). The rAAV-2 vectors, diluted in saline (ϳ30 L) in a low or high concentration, were injected into the vitreous chamber with a 0.5-mL syringe with a 32-gauge sharp-point needle. The injection site was chosen on the temporal side of the eyeball, 2 mm posterior to the limbus. The animals were given an analgesic NSAID (carprofen, 5-10 mg/kg SC) after surgery. Three months after viral injection, the marmosets were anesthetized with alfaxalone (2 mg/100 g body weight) and euthanatized by intracardiac injection of pentobarbital (10 mg/100 g body weight) and the eyes enucleated.
Immunocytochemical Staining
After the enucleation, the cornea, lens, and vitreous were removed. The retinas were fixed in 4% paraformaldehyde in phosphate buffer (PB) for 30 minutes. The expression of GFP was examined in retinal wholemounts and in vertical sections.
For cryostat sections, the retinal tissues from the nasal, superior, or inferior sector were cryoprotected in graded sucrose (10%, 20%, and 30% wt/vol, respectively, in PB) and cut at 20 m. Sections were blocked for 1 hour in a solution containing 5% membrane-blocking agent (Chemiblocker; Chemicon, Temecula, CA), 0.5% Triton X-100 and 0.05% sodium azide (Sigma-Aldrich, St. Louis, MO). Primary antibodies were diluted in the same solution and were applied overnight, followed by incubation (1 hour) with secondary antibodies conjugated to Alexa 594 or Alexa 555 (red fluorescence; Molecular Probes, Eugene, OR) and Alexa 488 (green fluorescence; Molecular Probes) dyes. All steps were performed at room temperature (RT). We used the following antibodies: rabbit anti-GFP (1: We first counted the density of the cells in the ganglion cell layer (GCL) based on DAPI staining. Retinal wholemounts were stained for 20 minutes in 5 M DAPI. The tissue was rinsed in PB, flat mounted, coverslipped, and viewed under a microscope. Compression of the retina was avoided by intercalating filter papers between the slide and the coverslip. For simplicity, the retinal sectors were divided into six regions ( Fig. 1A and 1G , marked by lines) distributed equidistantly every 1.3 mm from the optic nerve head (region 1) to the periphery (region 6). Only the nasal, superior, or inferior sectors of the retina were examined. The temporal sector was excluded from the analysis because of the presence of the injection site and the fovea. The optic Data are expressed as the number of eyes.
FIGURE 1.
The expression of Chop2-GFP under control of CAG promoter at the concentration of 6 ϫ 10 12 GC/mL in group A (A-F) and group B (G-L) marmosets. For analysis, the retinal sectors were divided into six regions (A and G, labeled from the center to periphery with numbers 1-6). The cell densities were counted in characteristic highmagnification images from these regions (B-D and H-J, corresponding regions indicated by numbers). Many GFP-positive neurons were found in the fovea (E, K) and around large blood vessels (G, arrow). Some GFP-positive cells without processes were found inside the blood vessels (L, arrows). bv, blood vessels. Scale bars: (A, G) 1000 m; (B-F, H-K) 100 m.
nerve head is located approximately 2-mm nasal to the fovea; therefore, we assessed GFP expression starting approximately 2 mm away from the center of the fovea. The maximum ganglion cell density in the marmoset retina is within 2 mm from the fovea, and the decline in the cell density is much shallower farther away from it. 32 There was no or very low expression of GFP within 2 mm from the center of the fovea, except for the region within ϳ0.4 mm from the center. Within each of these six regions, smaller areas of 0.15 mm 2 were randomly chosen for cell counting. The number of the DAPI-labeled cells was averaged from several small areas and converted to cells per square millimeter. There was no significant difference in cell density in the corresponding regions between the two age groups A and B, and the data are therefore combined in Table 2 . Similar to other investigators, we did not count the endothelial cells. 40 Our results thus represent a mixture of ganglion cells (GCs) and displaced amacrine cells. GFP-positive cells were also counted and averaged in the chosen areas. The percentage of the GFP-positive cells in each of the six regions was calculated and is presented as the mean Ϯ SD.
For the study of individual GCs, retinal wholemounts were blocked for 1 hour at RT. Primary antibodies against GFP and ChAT were then applied for 10 days at 4°C, followed by secondary antibodies overnight. Each wholemount sector was mounted and coverslipped, with filters used as the support. GC analysis was limited to the eccentricities Ն2 mm, and the distances from the fovea were calculated. The level of dendritic stratification was estimated as a percentage of the inner plexiform layer (IPL). Using a ϫ20 objective, we noted the z-scale positions of OFF-ChAT-positive cell somas (designated 0% IPL) and ON-ChAT-positive cell somas (designated 100% IPL). The border between the ON-and OFF-sublaminae was defined in the middle (50%) of the IPL. 41 All images were made with a microscope (Axioplan 2; Carl Zeiss Meditec, Inc., Dublin, CA) equipped with an oscillating grating (Apotome; Carl Zeiss Meditec, Inc.). Image projections were made by collapsing individual z-stacks of optical sections into a single plane. For double labeling, the concentrations of the primary antibodies were adjusted to prevent the "bleeding through" of the fluorescence signal from one channel into another. Brightness and contrast were then adjusted (Photoshop CS4; Adobe Systems, San Jose, CA).
Multielectrode Array Recordings
The multielectrode array recordings are described elsewhere. 3 After the eye was enucleated, the retina was perfused in oxygenated extracellular solution at 34°C (in mM): NaCl, 124; KCl, 2.5; CaCl 2 , 2; MgCl 2 , 2; NaH 2 PO 4 , 1.25; NaHCO 3 , 26; and glucose, 22 (pH 7.35 with 95% O 2 and 5% CO 2 ). The interval between onsets of each light stimulus was 30 seconds. The signals were filtered between 200 Hz (low cutoff) and 20 kHz (high cutoff). The spike raster plot and the averaged spike-rate histogram from individual neurons were analyzed (Offline Sorter software; Plexon, Inc., Dallas, TX). Light stimuli were generated by a scanning monochromator with a 10-nm bandwidth. The light intensity was attenuated by neutral-density filters.
RESULTS
Retinal Region-and Age-Dependent Expression of GFP in Marmosets
Figures 1A-F show the representative expression patterns of GFP viewed in a retinal wholemount from a group A (7 month old) animal injected with CAG-based viral vectors at a high concentration (6 ϫ 10 12 GC/mL). Under low magnification (Fig. 1A) , GFP fluorescence was observed throughout the retina, but the number of GFP-positive cells was found to be region dependent. The highest number was observed in the far-peripheral regions (5 and 6) followed by the midperipheral regions (3 and 4) and the central region (1 and 2, close to the optic nerve head). Figures 1B-D show fluorescence images taken from the three representative regions 5, 4, and 2, respectively, with the focus plane at the ganglion cell layer (GCL). Individual GFP-labeled cells along with their axons and processes can be seen. For quantitative comparison of the transduction efficiency, we counted the percentage of GFP-positive cells in the GCL in these six regions (Table 2) . Clearly, the percentage of GFP-positive cells was the highest in the farperipheral and the lowest in the central regions. In addition, numerous GFP-labeled cells were observed in the foveal and parafoveal regions of the retina (within ϳ0.4 mm of the center of the fovea; Fig. 1E ). In the fovea, many GFP-positive cells were found in the inner and outer nuclear layers (INL and ONL). When stained for Brn-3, a known marker of ganglion cells (GCs), 42 most of the cells were double-labeled, suggesting that GFP-positive cells are mostly GCs (data not shown).
In group B (25 months old), the overall expression patterns were found to be similar (Fig. 1G) . However, the percentage of GFP-positive cells in the GCL was significantly lower than that in group A, especially in the central and midperipheral regions (Figs. 1H-J, Table 2 ). On the other hand, as in group A, many GFP-positive cells were also observed in the foveal region. The GFP-positive cells formed a circle at the foveal pit (Fig. 1K) . In both groups, GFP-positive cells appeared more often around In six different retinal regions distributed equidistantly every 1.3 mm from the optic nerve head (region 1) to the periphery (region 6, column 1), the cell densities (column 2) and the percentages of GFP-positive cells infected by rAAV2 vectors with CAG (columns 3 and 4) and CMV (columns 5 and 6) promoter for the two age groups (7 months [group A] and 25 months [group B]) were averaged from several small areas (number of small areas is shown in parentheses) and expressed as the mean Ϯ SD. * Data were not significantly different for Group A and B animals for the same promoter (two-tailed t-test).
the large blood vessels (Fig. 1G, arrow) . In addition, we found many small GFP-labeled cells inside the blood vessels in the retinas in group B (Fig. 1L, arrows) . Such GFP-labeled cells were not detected in group A (Fig. 1F) .
We also examined the rAAV2/2-mediated expression of Chop2-GFP with the CMV promoter (1.4 ϫ 10 11 GC/mL, Fig. 2 ). Similar to the results obtained with the CAG promoter, the expression level was significantly higher in group A (Figs. 2A-D) than in group B (Figs. 2E-H) , especially in the central and midperipheral regions of the retina (Table 2) . No GFP-labeled cells were observed inside the blood vessels.
GFP Expression in a Variety of Retinal Neurons
We next examined the GFP expression in retinal vertical sections from the virus-injected group A marmosets. Figures 3A and C show the expression mediated by viral vectors with the CAG promoter at the concentration of 6 ϫ 10 12 GC/mL. GFP fluorescence was predominantly observed in the inner retina in ganglion, amacrine, and horizontal cells but not in glial cells. Weakly labeled bipolar cells (Fig. 3C, arrow) were frequently encountered. In the outer retina, photoreceptors were occasionally labeled (Fig. 3A, X) . Figures 3B and 3D show the expression mediated by viral vectors with the CMV promoter at a concentration of 1.4 ϫ 10 11 GC/mL. GFP fluorescence was predominantly observed in cells located in the GCL, although some horizontal cells and amacrine cells were found in the INL.
To examine whether rAAV2 could transfect diverse populations of inner retinal neurons, we double labeled the retina of a group A animal for known retinal markers. We did not quantify the percentage of GFP-positive cells in the particular cell types because of topographic variations in virus transduction. Antibodies against calretinin have been reported to label certain amacrine and GCs in the marmoset. 43 Some neurons in the INL and GCL labeled for calretinin also expressed GFP (Fig. 4A ). Antibodies to choline acetyltransferase (ChAT) are known to immunolabel cholinergic starburst-amacrine cells. 44, 45 Both regular and displaced starburst-amacrine cells colocalized with GFP-positive cells (Fig. 4B) . Approximately half of the amacrine cells in the retina are GABAergic and express glutamic acid decarboxylase isoforms (GAD65 and/or GAD67) 46 -48 and another half are glycinergic and can be labeled by an antibody against glycine transporter 1 (GlyT1). 49 -51 All three markers were detected in GFP-positive amacrine cells (Figs. 4C-E) . Immunoreactivity for PKC has been reported in rod bipolar cells and type 4 diffuse bipolar cells (DB4) in the macaque and marmoset. [52] [53] [54] Only a few GFP-positive bipolar cells expressed PKC (Fig. 4F,  arrow) .
These results indicate that rAAV2-mediated expression of Chop2-GFP under the control of the CAG promoter occurs in all major types of retinal neurons.
Individual Cells Labeled with GFP in the Retina Infected by Viral Vectors at a Lower Concentration
When both marmoset groups were injected with the virus vector at a low concentration (CAG promoter, 2 ϫ 10 10 GC/ mL), the density of Chop2-GFP-positive cells was very low ( Fig. 5) . Infected cells were observed in the inner retina, particularly in the GCL, and were morphologically well isolated. Figure 5A is a low-magnification micrograph showing strongly labeled displaced amacrine cells (arrows) and a widefield GC (arrowhead). In the GCL, we encountered a variety of cells, such as starburst and large, spiny, displaced amacrine cells as well as ON-and OFF-parasol GCs (Figs. 5B-D) . In the INL, we found GFP-labeled regular amacrine and horizontal cells (Figs. 5E, 5F ).
GFP Expression by Various Types of Ganglion Cells
To determine whether different GC types can be targeted, we analyzed 160 GCs according to criteria described in previous studies. 28, 55 We found that all major GC types were labeled by GFP (Fig. 6) .
Midget cells (B-cells) have the smallest dendritic trees and contain a single primary dendrite. 28 Based on the stratifications of their dendritic trees relative to the edges of the IPL, we observed both ON-and OFF-midget GCs (Figs. 6A, 6B) .
Parasol GCs (A-cells) have large somata and a few stout primary dendrites. 28, 41 We found that both ON-and OFFparasol cells (Figs. 6C, 6D ) were labeled.
There are several types of wide-field GCs, referring to all nonmidget and nonparasol cells. 28, 55 Among them are smalland large-field bistratified cells (Figs. 6E, 6F ), broadly stratified (Fig. 6I) , and monostratified thorny cells (Figs. 6G, 6H) , and large, monostratified cells with smooth and sparse dendritic branches (Figs. 6J, 6K) . The large bistratified cells have not been previously observed in the marmoset retina but have been found in the macaque 56, 57 and human retina. 58 The dendritic fields of the monostratified or sparse cells were larger than those of parasol cells of the same eccentricity. We also found a limited number of cells with gigantic dendritic fields in the ON-sublamina (Fig. 6L) .
Electrophysiological Recordings of ChR2-Mediated Light Responses
Finally, we examined the ChR2-mediated light responses by using multielectrode array recordings from wholemount retinas. The recordings were made from an 18-month-old marmoset that was injected with virus carrying Chop2-GFP with CAG promoter at the concentration of 2 ϫ 10 11 GC/mL. To block photoreceptor-mediated light responses, we performed the recordings in the presence of the AMPA/kinate receptor antagonist CNQX (25 M), the NMDA receptor antagonist D-APV (25 M), and the mGluR6 receptor agonist L-APB (5 M). The recordings were made from the peripheral retina with significant expression of Chop2-GFP (Fig. 7A) . Figures 7B and 7C show the representative recordings of the spike firing evoked by light at a wavelength of 460 nm picked up by individual recording electrodes (n ϭ 11). As shown in Figure 7B , the spike firing was light-intensity-dependent with the thresh- old activity observed at the light intensity of 6.6 ϫ 10 15 photons cm Ϫ2 s Ϫ1 , a value close to the expected threshold of ChR2. 3 In addition, as shown in Figure 7C from another electrode, the light-mediated spiking activity was remarkably stable. A single raw trace of the spike activity picked up by the electrode and the spike raster plot originated from a single neuron during a 1.5-hour recording session are shown in Figure 7C , top and middle, respectively. The averaged spike rate histogram is shown in the bottom panel. Several pieces of evidence indicate that these were ChR2-mediated response. First, no spike activity was observed when the retina was stimulated with light at the wavelength of 580 nm (data not shown), consistent with the fact that ChR2 is not sensitive to the wavelength of 580 nm. Second, the kinetics of the light-evoked responses was very similar with that recorded in the mouse retinal cells expressing ChR2 channels. 3 These light responses, therefore, could not be contributed by melanopsin-expressing GCs because their light responses are slow, especially the OFF rate. 59 Finally, no light responses could be recorded from the areas of the same retina that did not show the expression of GFP (data not shown). Together, these results demonstrate the functional expression of ChR2 channels in the marmoset retina.
DISCUSSION
In this study, we evaluated the rAAV2-mediated expression and function of Chop2-GFP in marmoset retinas after administration into the vitreous chamber. The efficiency and cell specificity of rAAV-mediated transfection are known to be dependent on factors such as the route of injection, the virus serotype, the virus concentration, and promoters. 8 We used injection into the vitreous chamber to allow better diffusion and physical accessibility of the viral vectors to the entire inner retina. To further increase the number of the infected cells, we chose the most effective serotype, rAAV2, for inner retinal neurons 20 and the ubiquitous promoters CAG and CMV. These two promoters produce slightly different expression patterns when used in the mouse retina (Ivanova E, Pan Z-H, unpublished observations, 2007). Together, they allowed us to assess the limitations of the virus' capability of infecting different cell types (virus tropism). Several interesting properties were observed: First, our result showed a gradient pattern in the transfection efficiency, with the highest in the far-peripheral retina and the lowest in the central retina (except the fovea). This pattern was observed in both 7-and 25-month-old animals, independent of promoters. In addition, the percentage of GFPpositive cells was found to be animal age-dependent. In older animals (25 months), the percentage of GFP-positive cells was found to be markedly reduced. Furthermore, we observed high Chop2-GFP expression in the foveal and parafoveal regions of the retina. Remarkably, all these observed variations in the transfection efficacy appeared to correlate with the properties of the inner limiting membrane (ILM) previously reported in the primate retina. 60 The authors in that study described regional variations of the ILM with the thinnest regions around fovea, large blood vessels, and in the periphery. In addition, the ILM was much thinner in younger animals than in older ones. Such patterns of the ILM have also been reported in humans. 61, 62 Thus, our results in the marmoset suggest that the ILM is a major barrier for the rAAV-mediated gene delivery through intravitreal administration. Further studies for developing effective methods to overcome the barrier of the ILM would be required for retinal gene therapy through intravitreal delivery. A mild digestion of the ILM with a nonspecific protease has been reported to increase the transduction efficiency of several rAAV serotypes in the rat retina through intravitreal injection. 21 The removal of the ILM by mechanical peeling may also be a solution. 63 Similar to rodents, 3, 18, 19 in the peripheral region of the marmoset retina, GFP expression was found to be predominantly localized in inner retinal neurons, including ganglion, amacrine, and horizontal cells. All major ganglion cell types were transfected. In addition, many bipolar cells, as well as some photoreceptor cells, were transfected with the high concentration of viral vector with CAG promoter. The results thus indicate that rAAV2 vectors are capable of diffusing and reaching the photoreceptor cell layer in the peripheral retina. The relatively low number of infected bipolar cells, especially photoreceptor cells, compared with amacrine and ganglion cells, could be due in part to the physical barriers of the retinal tissue. These barriers appear to render the viral concentration that reaches these more distal retinal layers substantially lower. Consistent with this explanation, as shown in this study, when lower concentrations (CAG, 2 ϫ 10 10 GC/mL) of viral vectors were injected, expression of GFP was primarily observed in cells located in the GCL. On the other hand, many cells in the INL and ONL were infected in the fovea.
In this study, we found that rAAV2 vectors with the CAG promoter at high concentrations resulted in the labeling of cells inside the blood vessels. These cells are likely to be the recruited leukocytes caused by the inflammatory response to the viral injection. However, this was not observed in the younger animals (group A) or animals injected with lower viral concentrations. Further study is needed to evaluate the implications of this phenomenon.
To date, most, if not all, ocular gene therapy studies in nonhuman primates have been performed in old-world primates, such as macaques 9 -14,64,65 but rAAV-mediated gene transfection has not been documented in detail in inner retinal neurons. 11, 22 Since new-and old-world primates diverged ϳ40 million years ago, further studies would have to examine whether differences could exist in the retinal structures between new-and old-world primates that could affect the transduction efficiency of rAAV vectors. Nevertheless, the capability of rAAV-mediated expression in inner retinal cells in marmosets revealed in this study provides a valuable model of the study of the property and function of transgene expression in primates.
The ability to achieve expression of Chop-2-GFP in the marmoset also offers a valuable model for the development of ChR2-based gene therapy. The normal morphology and physiological properties of the Chop2-GFP-expressing cells observed in this study 3 months after the viral-vector injection suggest that the stable expression of functional ChR2 can be achieved in primate retinal neurons. Thus, the use of the marmoset model will facilitate further studies in examining the long-term safety and physiological consequences of Chop2 expression in the primate retina. Targeted expression of Chop2 and other microbial opsins in specific population(s) of inner retinal neurons may be needed, to improve treatment outcomes for the Chop2 and other microbial opsin-based gene therapies. 3, 6, 66 The broad tropism of rAAV2 observed in this study suggests that the use of rAAV2 along with cell-typespecific promoters could allow targeting to specific type(s) of inner retinal neurons in the primate.
In conclusion, we reported the rAAV2-mediated expression of functional ChR2 in the inner retinal neurons in the marmoset through intravitreal delivery. The marmoset could be a valuable nonhuman primate model for evaluating the ChR2-based gene therapy for treating blinding retinal degenerative diseases.
